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Question to A-4 Session
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Define “Beam halo”
as a part of beam touching physical aperture or collimators

in this lead talk.

Let’s isolate beam loss sources:
Beam halo developments and beam instabilities

as much as possible
even though they are relating each other deeply.

Session Chair (Y.S.) NOTES



Y.S.’s view for the Question
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Beam halo in A-4 = a part of beam touching physical aperture or collimators

Initial works are very important, but Post works can be performed some using Margines.
Challenge cost limits always to earn margines for our future!
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Discussion for Our Future

Initial works are very important, but Post works can be performed some using Margines.
Challenge cost limits always to earn margines for our future!

Beam halo in A-4 = a part of beam touching physical aperture or collimators



Yoichi Sato (KEK/J-PARC), A-4 Chair
SPACE CHARGE 2026 @Oxford U, UK

Oct. 2nd, 2026

2026/10/02 Yoichi Sato, Lead talk of A-4 Session, Space Charge 2026

https://indico.global/event/15713/

5

• Introduction and Answer lists in J-PARC Rings
• History of the Answers in J-PARC Main Ring 



Japan Proton Accelerator Research Complex

• Tokai, Ibaraki, Japan
• High Intensity Proton Accelerators
• Facilities to use the secondary beams

Operated by 
Japan Atomic Energy Agency 
(JAEA) and 
High Energy Accelerator
Research Organization
(KEK)

MLF

Hadron 
Hall

Neutrino

LINAC
400 MeV

RCS
3 GeV

Main Ring 
30 GeV

Pacific Ocean

To Super-Kamiokande 6
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World Intensity Frontiers (~ GeV or higher)









J-PARC 
MR 

J-PARC 
RCS  

SNS 

NuMI 

ISIS 
CSNS 

Yoichi Sato, Lead talk of A-4 Session, Space Charge 20262026/10/02
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Answer lists of J-PARC RCS and MR

Initial works are very important, but Post works can be performed some using Margines.
Challenge cost limits always to earn margines for our future!

Beam halo in A-4 = a part of beam touching physical aperture or collimators



9Bending magnet
Total 96 magnets

Quadrupole magnet
Total 216 magnets

RF cavity
10 for Fundamental, 
2 for 2nd harmonic

7 Collimators in MR
12 Collimators in Injection BT
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Collimator Area

MR 位置番地

•

•

•






2.41×1014 ppp
Particle Loss 0.5% 

Typical MR-FX Beam Operation
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 

PPP
WR

As of 
April 7, 2026

Upstream Upgrades
LI 181 to 400 MeV
30 to 50 mA

•

•





I. Injection beam quality: optimized RCS parameters, verified at 3-50BT monitors
II. Optics measurements and corrections needs σ_βx,y < 4%

III. Transverse instability suppression: Intra-BunchFB, controlled chromaticity
IV. 2nd harmonic RF to suppress space charge tune spread
V. Longitudinal beam loading compensation system
VI. Third order resonance corrections
VII. Tune optimization (injection & acceleration)
VIII. …

Simulated tune shift of MR Power 500 kW 
(Tune Spread 0.4)

based on the measured transverse 
emittances and bunching factor

4 trim sextupoles correct
both nx+2ny=64 and 3nx=64

Injection Acceleration

III Beam Position of 2.1e13 ppb * 2bunches with 
Intra-bunch FB (Stripline BPM & Stripline kicker)

IBFB OFF             IBFB ON

Acceleration

Injection Acceleration

σ_βy = 7%

σ_βy = 4%
V Long. bunch oscillation of 480 kW beam

RFFB OFF                                   RFFB ON 12

100 Painting 50 Painting

60mm

54mm

III Pattened chrom.

I 6 digit wide range halo monitors

II To seek Ideal Optics

VI To seek Ideal Optics
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2.0×1014 ppp
Particle Loss 2.3%

2016.5
Nu 390 kW
2.48 s cycle

2.66×1014 ppp
(ppp WR)

Particle Loss 1.7%

2020.1
Nu 515 kW
2.48 s cycle

2024.6
Nu 800 kW
1.36 s cycle

2.26×1014 ppp
Particle Loss 0.8% 

Gain 1/8
In Collimator Area
(Beam Loss localized)

New 
Optics

High rep.
Upgrades

Protons

K.E.

MR-FX Beam Quality

Beam
loss



New-Arc Beam Optics to reduce beam loss in FX

15

x

 y

T. Yasui, et. al.,
PRAB 23, 061001 (2020). 

MR 3.4e13 ppb simulation

n : resonances
F: function of x, y

Re

Im

G1,-2

Re

Im

G1,-2 = 0

𝜔௫଴
𝜔௬଴

have wide 
distribution
(Tune spread)
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2026.2.19 NU 1 MW demo

Gain 1/64
In Collimator Area
(Beam Loss localized)

2.66×1014 ppp

Particle Loss 1.7%

2020.1.30 NU 515 kW

New 
Arc
Lattice

2.68×1014 ppp

Particle Loss 1.1%

Gain 1/8
In Collimator Area
(Beam Loss localized)

Higher
repetition

MR-FX Beam Quality



Beam loss localization

Collimators are mostly optimized.

•

•

•

4 - Collimators

NU 1007 kW eq. in 1.28 s cycle (Feb., 2026)
Beam loss counts --- Integrated over time

BLM threshold
in 1.28 s cycle
(NY finalized)

7 - Collimators

NU 904 kW in 1.28 s cycle (Mar., 2026)
Beam loss counts --- Integrated over time

BLM threshold
in 1.28 s cycle
(NY finalized)

7 - Collimators

NU 809 kW in 1.36 s cycle (March, 2025)
Beam loss counts --- Integrated over time BLM threshold

in 1.36 s cycle
--- maintenances were
done during JFY2024

7 - Collimators

NU 515 kW in 2.48 s cycle (Jan. 30, 2020)
Beam loss counts --- Integrated over time

Past BLM threshold
in 2.48 s cycle
to keep hand-on-
maintenance capability



Eyes to aim 1.3 MW: 

New BLM signal processing circuit, Abort profile monitor 

and 16-electrodes monitor have newly started operation.  

DCCT covers 2.7 e14 ppp with factor 2 margin. All 

diagnostics devices contributed to beam power upgrade 

from 450 to 510 kW in 2018.

Verified > 80 dB ability

Attenuator / switch

Signal processing circuit

Task (2) Upgrade of the BPM circuits

Schematic view

oscilloscope 

iGp12

injection timing

RF clock

DC offset

x64

x2

Stripline BPM

Stripline kicker

Power Amp.
100KHz-100MHz

Beam

Hybrid
100KHz-200MHz

clock

revolution

Attenuator
X-

X+

DAC+

ADC+

ADC-

DAC-

revolution clk

50Ω

50Ω

For the horizontal (x) plane

Same as the vertical (y) plane
trig. for timing table

Shorten the damping time（>30%）

Task(1) Upgrade of the intra-bunch feedback

Task(3) OTR profile monitor in the MR

Measure the 2D profile and halo 
of the injected beam into the MR
-> Eye for Halo collimation by COLs
-> Eye for Halo reduction by optics

Motion mechanism for the target 
Ti-foil for the OTR & fluorescent plate

Noise filter

Attenuator/switch

ADC

FPGA + Memory

CPU + Network

Mission: Provide the diagnostics for realization of 750 kW – 1.3 MW beam operation in the J-PARC MR

R

L

U

D

Beam

BPM detector

Develop New Signal 
Acquisition System

Improve the position accuracy 
from ~30μm to < 10μm
-> Eyes for finer optics

Same type monitor 
(3-50BT-OTR/FL) 
realized 
dynamic range 10-6

Large Data Storage 
is needed also

New MR-OTR/FL needs high radiated 
durability and much less impedance.

18To aim higher power, Good Eyes are ALWAYS important!



MR Power Trend and Near Future Plan
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6.00s                                            5.52s           5.20s                                              4.24s  
3.52s 3.04s 2.56s 2.48s                                                                                1.36s                 1.28s 

Linac Upgrades
LI 181 to 400 MeV
30 to 50 mA

JFY

515 kW

1.3 MW
in 2028

S. Igarashi, et. al., PTEP vol 2021, Issue.3,p33  


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Discussion for Our Future

Initial Works are very important.
Securing Margines is the Cradle of Higher Power.

The Margines help Good Post Works

Challenge cost limits ALWAYS to earn margines for our future!

Y.S. believes
Isolate the problems as much as possible 

and 
tackle them one by one

That's the basics of beam tuning.



A-4 Session “Beam loss & halo dynamics”

https://indico.global/event/15713/
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Discussion for Our Future

Initial works are very important, but Post works can perform some using Margines.
Challenge cost limits always to earn margines for our future!

Beam halo in A-4 = a part of beam touching physical aperture or collimators



Additional slides
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Japan Proton Accelerator Research Complex

−

− 

−  
−

−

−

− 
−

−

−

−

− 
−

LINAC 3 GeV Synchrotron (RCS) Main Ring (MR)



New collimator D

cav#12 New power amp.

New QDN Mag. PS New Transfermer

New FX HF septum: SM30-32
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MR-FX halve cycle time



New collimator D

cav#12 New power amp.

New QDN Mag. PS New Transfermer

New FX HF septum: SM30-32
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ー before
ー after

Frequency (Hz)


I/

I

Noise reduction at FB DCCT

10ିଶ

10ି଺

10ିସ

10଴ 10ଷ

MR-FX Twice faster cycle
MR-SX 20% faster cycle

FFT spectrum of
the output current
of  BM power supply (BM1)

Before

After

Start of 
acceleration

> 80% loss 
mitigation


